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20. Abstract

.~~increasing x/d.  The nature of the flow field for 1900 < R e  < 2800 was
shown to be particularly interesting as puff s or inc ipient puff s exist in the
flow for x/d > 40. Detection of puff s imbedded in the decaying turbulent
flow is difficult so an iterative puff waveform eduction program was develop-
ed.” L~~cal detection criteria are used to select puff like events from the
velocity signal. Then a g lobal criterion of the puff waveform is generated by
using the ensemble averaged eduction waveform as a pattern and then cross-
correlating this pattern with each individual event. Based on criteria re-
garding the maximum cross-correlat ion and its time delay for any given
event, some events are discarded and a new ensemble average is formed~~_ -
and so on. The process seems to t converge ’1 reasonably rapidl y.~~ Valuable
results from the program includ e the average incipient waveform in an in-
cipient puff , the average length of puffs , the mean time puffs , and other
structural features of the puff s at various downstream locations . This info r-
mation is useful in understanding the ori gin arid evolution of puffs in trans-
itional pipe flow. The existence of puff s in the present stud y as well as a
previous transition stud y indicates that they play a fundamenta l role in the
transition and reverse transition process.,...
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The Structure of Turbulent Velocity Fields

F. H. Champagne

Review of Results

1. Relaminarization of Turbulent Pipe Flow

The experimental investigation of relaminarization of turbulent pipe

flow subjected to a large decrease in Reynolds number was continued. The

Reynolds number of the flow is decreased a facto r of 5 b y expanding the initially

fully developed turbulent flow through a 1° half ang le diffuser. Turbulent pipe

flow canno t sustain itself below some critical value of Reynolds number and

the reason for this is not yet known. As the initial state of the flow is turbulent,

no anal ytical approach to thi s problem is yet feasible and the goal of the present

experimental stud y is to understand the basic mechanism of the relaminarization

process. Such knowledge is highl y desirable if one hopes to control transition

to and from turbulence.

The flow facil i ty consists of a flow source , a 0. 10 inch orifice plate ,

a cy lindrical pipe 0. 20 inches in i. d. and 120 diameters long to establish a

full y developed initial pipe flow , then the 1
0 half ang le diffuser section. The

flow passes from the diffuser into a constant area downstream pipe , the leng th

of which can be varied to allow investigation of the flow at various stages of
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the relaminarizing process. The objectives of the stud y are to: (1) investigate

the nature of the relarninarization process b y measuring the development or

decay rate of the turbulent velocity field ; (2) establish the minimum downstream

Reynolds number for which the flow remains full y turbulent through the diffuser

and downstream pipe; (3) examine flow field s in the range 1900 < Re < 3000

(downstream Reynolds number) for the existence of puffs which appear to fo rm

even in the presence of the hig h intensity decaying ambient turbulence. A con-

siderable amount of data has now been obtained and brief discussion of some

aspects of the results will be presented.

Data on the downstream development of the mean velocity and turbulence

intensity profiles in the constant area pipe has been obtained for various Reynolds

numbers. The Reynolds numbers are based on the f l o w  conditions in the down-

stream pipe and the velocity scale us ed is the bulk velocity. The latter is the

cross-sectional averaged mean velocity. Some of this data was obta ined under

Grant 72-22 87 . The more recent data , which represents a significant portion

of the tota l data, was taken after analysis and consideration of the preliminary

data. There are some interesting features  regarding the development of the

mea n velocity profiles for the Reynolds number range between 2000 and 3000 ,

but this will not be discussed here.  For Re < 2000 , the profiles exhibit a

gradual cha ng e towards a parabolic profile with increasing x ld.  The initial

turbulence levels at the diffuser  exit plane (for all cases) are considerably

greate r than that occurring in full y developed pipe flow . The ~urbu 1ence

intensity decreases with increasing downstream distance for all 
the2



Re < 2000 cases with the rate of relarninarizat ion being grea te r  the lower

the Reynolds number.

The 2000 < Re < 2800 range is especiall y interesting as the tur-

bulence intensi ty  appears to be increas ing w ith downstream distance beyond

x/d 30, where  it is a l ready greater  than the full y developed pipe flow

values. Evidenc e for the existence of puff s or incipient puffs is present in the

data and these intermittentl y occurr ing events are the cause of the hi gh intensi ty

values. This type of behavior ceases for Re > 2800 where no puff s appear

and the flow stays full y turbulent throughout the pipe. The inci pient puff s im-

bedded in the decay ing ambient turbulence are difficult to detect , but are

definitely in the flow even thoug h it is alread y turbulent.  This is of fundamental

interest as it indicates that puffs are  characteristic of transitional pipe flow for

a given Reyno ld s number regardless of the nature or exact level of the distur-

bances present in the flow providing some threshold level is exceeded .

Detection of the puffs or incipient puff s is difficult  for at least two

reasons . One is that the puff velocity waveform has no definit e leading and

trailing ed ges that can be used to define a time reference point. Time referenc e

points are useful for aligning waveforms for ensemble averaging . The other

main problem is to distinguish puff waveform sig natures from those of the

ambient turbulence. To circumvent these problems , it was decided to util ize

a technique similar to the iterative pattern recognition scheme developed b y

Wygnanski and Kaplan to stud y transitional spots in a boundary layer. A puff
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waveform eduction p rogram was developed and the data acquisi t ion and educ-

tion scheme are essentially as follows. The veloci ty  s ignals  a re  thgi t ized ,

typ icall y with a sampling frequenc y of 2000 Hz , and placed on a dig i t a l tape

for  ana lys is .  The digitized time series a re  read onto the 7600 computer w h e r e

the data is stored and a second channel is generated b y low pass f i l t e r i n g

the data at .~0 Hz using a zero phase shi f t  d igi ta l  f i l t e r .  The f i l t e red  ve loc i ty

data is searched for  velocity minima which fell below some prescr ibed threshold

value. This c r i t e r ion , the local detection cr i ter ion . 18 based on the es tabl ished

existenc e of a velocity minimum on the pipe cen te r l ine  near the t r a i l ing  ed ge of

a full y developed puff .  Tests on the re la t ive  locations of ad jacent  minima a re

performed to el iminate minima which are  too closel y spaced to al low a puff

between them. The time locations of the minima and of the leading and t ra i l ing

“ edges ” associated with the minima are stored . Also stored a r e  1000 t ime

series points before and 600 after  the location of each min imum.  These 1600

point sets def ine  the fi l tered puff or real izat ion.  Similar il y ,  1600 po i nts f o r

the unfi l tered signal  are  stored and define the unf i l te red  event.  Typical l y .

100 event pa i r s  are  detected and stored except at the low Reynolds  number

case , Re = 1928 , where onl y 10 events occurred in 20 minutes of d.~ta.

The unfi l tered and f i l tered events a re  respectively ensemble av t r a g e d . The

averaged unfil tered event , or ensemble averaged educted waveform , fo rms

the “g loba l c r i te r ion ” of a puff waveform.

The “ ii~roeth” i te ra t ion  is defined as the f i r s t  en senibh ~ ave rage 
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the  unf i l te red  events .  This zeroeth i terat ion is then c ross -cor re la ted

wi th  each individua l f i l t e red  ‘vent to obtain  a t ime dela y of maximum

corre la t ion , T
M . and the value of the maximum cor re la t ion  coeff ic ient ,

C
M 

. His tograms  of TM and C
M 

a re  formed and then c r i t e r i a  on t}~~

m i n i nm m  val ue of C
M and the time delay rang e a bout T

M 
to be accepted

are  app lied to e l imina te  some events  f rom cons idera t ion . A new table of

acce ptable events  is tormed . events a re  shifted in time to improve align-

ment . and the  new ensemble  averages  a re  formed.  The new unfi l tered

ave ra gL i s  t e r m ed the “ f i r s t ” i t e ra t ion .  This process i~ repeated again

and so on u n t i l  co n v e r L ~cnce is obtained . P re l imina ry  studies indicate

three to four  i t e ra t ions  a re  suf f ic ien t  to converge  in some sense using

reasonable c r i t e r i a  Ofl TM 
and C

M
. Fur ther  work  to quantif ~ con —

v e r g e n c e is u n d e r w a y .  Some resul ts  for  the a v e r a g e  length of pu f f s , the

mean time between puffs , and other  s t ruc tu ral fea tures  of the puffs or

incipient  pulls or hav t~ been obta ined  for various d o w n s t r e a m  posi t ions

and for  severa l R e y n o lds number s .

A s im i l a r  puff waveform eduction scheme is being tested using

velocity s i g na l s  obtained near the wa l l .  In a puff a ve loci ty  maximum is

a t ta ined nea r the t r a i l i n g  edge , so the local de tec t ion  cr i t e r i on  is chang ed

to sea rch  for  m a x i m a  wi th  the r ema inde r  of the p rog ram r emain ing  tin-

cha nged. The puff w a v e f o rm  educt ion scheme has been app lied to x -w i r e

data to d e t e r m i n e  the t u r b u l e n t  shear  s t re s s  d u r i n g  a puff or incip ient puff

event. The r e su l ts  a re  s t i l l  of a p r e l i m i n a r y  na tu re  and shal l  not be reported

5
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on. Ref inement  of various aspects of the puff waveform eduction program

are still underway.  Cur ren t  efforts are centered on studying the origin

and evolution of puffs in transitional pipe flow .

Finall y,  it should be noted that at a Reyno lds number of approximately

2800 , a complete and definite disappearance of puff like behavior in the

velocity signal occurs.  The hot wire traces appear more characteristic of

those of full y developed pipe flow or homogeneous turbulence in contrast

to the 2000 < Re < 2800 range traces.

2. The Temperature Sensitivity of Hot Wires

The investigation of the temperature sensitivity of hot wires at hig h

overheat ratios was completed. The results  of the work were presented at an

invited lecture in the 1978 Dynamic Flow Conference held at Johns Hopkins

University. A manuscript based on the results of the investigation was pre-

pared and accepted for publication in the conference proceedings. An

abstract of the publication is included on the following page.

6
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THE TEMPERATUR E SENSITIVITY OF HOT WLRES

by

P. II. Champagne

University of California , San Diego
La Jolla, California 92093

.M3STRACT

Significant errors in measurements of some velocity and joint

velocity-temperature statistics arise f rom the non-neglig ible contami-

nation of the measured hot-wire velocity signal b y concomita nt tempera-

turc fluctuat ions.  Measurements of the temperature  sensitivity of hot

wirc~ ‘peratcd at high overheat ratios are c3nsidcrabl y norc  liiuir.ult

to obtain than measurements of the velocity sensi t ivi ty.  Therefore to

provide a check on the measured va lues , an ana lytical expression for

the temperature sensitivity is derived which can be evaluated from

parameters readil y obtained from the velocity calibration data . The

analysis , based on the convective heat t ransfer  relation of Collis and

Williams (1959), gives values of the temperature sensit ivity which corn-

pare well with directly measured va lues. The present analysis is extend-

ed to show that the temperature and velocity sensitivities can be exp ressed

entirely in terms of the linearized voltage output obtained by direct  cali-

bration for each hot-wire or hot-film sensor. Estimates of the e r ro r s  in

.orn c measured stati~~t.ics caused by the concom i tan t  tcrnperab.ire fluctua-

• tion contamination of the hot-wire signal are dctermined .
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